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Abstract: Forty strains were isolated from six different soil samples. The soil samples were taken from the grasslands of Elmada¤,
Çubuk, Gölbafl›, Haymana, Polatl› and Kazan near Ankara. As a result of the identification tests, 30 strains were identified as Bacillus
subtilis, Bacillus megaterium, Bacillus firmus, Bacillus sphaericus, Bacillus thuringiensis, Bacillus pumilus and other Bacillus spp.
The inhibitory effect of Bacillus strains against the test bacteria Escherichia coli, Staphylococcus aureus, Yersinia enterocolitica and
Micrococcus flavus was examined. It was found that B. thuringiensis D1, B. thuringiensis D3 and B. megaterium Y6 strains showed
an inhibitory effect on all of the test bacteria.
To test the sensitivity of the new isolates, eight different antibiotics were used. The strains were tested for resistance to vancomycin,
tetracycline, chloramphenicol, erythromycin, cephalothin, ampicillin sulbactam, gentamicin and penicillin G. The strains showed
resistance to penicillin G (10 U), but all were sensitive to vancomycin. Isolates showed 97% sensitivity to chloramphenicol and 93%
to tetracycline. Only B. subtilis K1 was observed to have penicillinase enzyme. The other strains were found to be penicillinase
negative.
While the proteolytic activities of the strains were observed in a range of 0.04-0.23 mg tirosin/ml, B. firmus G1, Bacillus spp. S1,
Bacillus spp. S2 and Bacillus spp. S3 did not exhibit any activity.
The profiles of plasmid DNAs of the strains were identified. Later, it was determined that five strains did not contain plasmid DNA
while all other strains contained plasmid DNA from 1 to 4. The molecular weights of plasmid DNAs were found to range from 3.16
to 25.61 kb.
Key Words: Bacillus spp., Soil, Antimicrobial activity, Antibiotic sensitivity, Proteolytic activity, Plasmid DNA

Topraktan ‹zole Edilen Bacillus’lara ait Baz› Özelliklerin Tespiti
Özet: Bu çal›flmada alt› de¤iflik toprak örne¤inden 40 sufl izole edilmifltir. Toprak örnekleri Ankara yak›n›ndan Elmada¤, Çubuk,
Gölbafl›, Haymana, Polatl›, Kazan’da ki yabani ot kapl› bölgelerden al›nm›flt›r. ‹dentifikasyon testlerinin neticesinde 30 sufl Bacillus
subtilis, Bacillus megaterium, Bacillus firmus, Bacillus sphaericus, Bacillus thuringiensis, Bacillus pumilus ve Bacillus spp. olarak
tan›mlanm›flt›r.

Escherichia coli, Staphylococcus aureus, Yersinia enterocolitica ve Micrococcus flavus üzerinde oluflan inhibisyon aktiviteleri
incelenmifltir. ‹zole edilen flufllar aras›ndan B. thuringiensis D1, B. thuringiensis D3 ve B. megaterium Y6 bütün test bakterileri
üzerinde inhibisyon etkisi göstermifltir.
Antibiyotik hassasiyet testi için gentamisin, sulbaktam-ampisilin, kloramfenikol, eritromisin, tetrasiklin, vankomisin, sefalotin,
penisilin G antibiyotik diskleri kullan›lm›flt›r. Bütün sufllar penisiline G’ ye (10 U) karfl› direnç gösterirken, vankomisin’e karfl› duyarl›
bulunmufltur. ‹zolatlarin %97’sinin kloramfenikole, %93’ünün de tetrasikline duyarl›l›k gösterdi¤i tespit edilmifltir. Sadece B. subtilis
K1 suflunda penisilinaz enzimi belirlenirken, di¤er bütün sufllar›n penisilinaz negatif oldu¤u görülmüfltür.
Sufllar›n proteolitik aktiviteleri 0.04-0.23 mg tirosin/ml olarak belirlenirken, B. firmus G1, Bacillus spp. S1, Bacillus spp. S2 ve
Bacillus spp. S3 sufllar›nda ise proteolitik aktiviteye rastlanamam›flt›r.
Sufllar›n plazmid DNA profilleride ç›kar›lm›flt›r. Befl suflun d›fl›ndaki di¤er bütün sufllar 1 ila 4 aras›nda plazmid DNA ihtiva etti¤i
görülmüfl ve plazmid DNA’lar›n moleküler a¤›rl›¤› 3.16-25.61 kb aras›nda bulunmufltur.
Anahtar Sözcükler: Bacillus spp., Toprak, Antimikrobiyal aktivite, Antibiyotik duyarl›l›k, Proteolitik aktivite, Plazmid DNA
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Introduction

Materials and Methods

Members of the Bacillus genus are generally found in
soil and most of these bacteria have the ability to
disintegrate proteins, namely proteolytic activity.
Protease enzymes not only have important industrial
uses, but also the proteases of these microorganisms play
an important role in the nitrogen cycle, which contributes
to the fertility of the soil. In paddy field soil, most of the
nitrogen source is stored as biomass protein and
decomposes slowly to low molecular weight amino acids
by the activity of soil protease. Soil protease is thought to
be mainly supplied by soil microorganisms (1-4).

Isolation and identification. Different soil samples
were taken from Elmada¤, Çubuk, Gölbafl›, Haymana,
Polatl› and Kazan. The grassland soil used in all
experiments was collected from the 0-15 cm layer. Each
gram of sample was suspended in 99 ml of sterile distilled
water and shaken vigorously for 2 min. The samples were
heated at 60°C for 60 min in a water bath. Then the soil
suspensions were serially diluted in sterile distilled water,
and the dilutions from 10-1 to 10-6 were plated on
nutrient agar medium. The plates were incubated at 2837°C for 24-48 h (4,12). The isolated bacteria were
identified. In the identification tests of strains, the spore
morphology, gram characteristics and motility were
examined. The growth of bacteria in nutrient broth with
5% and 7% NaCl, pH 5.7-6.8, at 42°C, and under
anaerobic conditions was examined. In addition, the
following identification tests were carried out: utilization
of citrate, VP test, gelatine liquefaction, esculin and starch
hydrolysis, production of acid from D-glucose, Larabinose, D-xylose, D-mannitol, lactose, salicin, sucrose
and maltose. The production of gas from glucose, the
production of catalase, nitrate reduction, and the
production of H2S and acid from TSI medium were also
tested. According to the results obtained, the isolates
were shown to belong the genus Bacillus (13, 14).

While many antibiotics are known to exist, efforts to
discover new antibiotics still continue. Therefore, many
species such as Streptomyces, Bacillus and Penicillium
have been studied continuously for their ability to
produce antibiotics (5).
In addition, due to the fact that Bacillus species have
produced antibiotics in the soluble protein structure and
that these antibiotics have been found to be cheaper and
more effective in studies conducted to date, these
microorganisms are preferable for commercial
production. Currently, the target is to produce antibiotics
such as polymyxin and bacitracin from Bacillus (6,7).
It was reported that members of the species Bacillus
generally produced polypeptide type bacteriocines, and
that these antibiotics generally affect gram (+) bacteria
(8,9). It was also reported that since most Bacillus species
populate the same ecosystems as Streptomyces and other
antibiotic producers, they might have acquired resistance
to antibiotics produced under natural conditions (10).
Studies conducted to date have shown that the resistance
in many bacteria against antibiotics, bacteriocine
production fertility and many specific biochemical
functions were controlled by plasmid DNAs (11).
This study identifies Bacillus strains isolated in
different regions near Ankara and examines them with
respect to their certain properties such as proteolytic
activities, inhibitory effects and antibiotic resistance as
well as plasmid DNA profiles. In determining some
features of these microorganisms, which play an
important role in soil development and biological control,
our aim is to provide information for further biotechnical
studies.
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Proteolytic activity. The determination of proteolytic
activity was carried out according to tyrosine amino acid.
The samples were incubated at an appropriate
temperature for 24 h. Trichloroacetic acid filtrates were
obtained from samples. Proteolytic activities of the
samples were determined by using the Folin method.
Measurements performed spectrophotometrically at a
wavelength of 650 nm were calculated according to the
standard curve of tyrosine equivalents (15,16).
Inhibitory effect. The determination of the inhibitory
effect of isolates on test bacteria was carried out
according to the agar diffusion method. The radius of the
inhibition zones was measured (17,18). In this study,
Staphylococcus aureus (ATCC 2818), Escherichia coli
(ATCC 25922), Yersinia enterocolitica (ATCC 1501) and
Micrococcus flavus (Directorate of Provincial Agriculture)
were used as test bacteria.
Test of antibiotic sensitivity. Antibiotic discs were
placed on nutrient agar medium seeded with bacteria and
the diameters of inhibition zones that formed following a
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24 h incubation at an appropriate temperature were
measured (Table 1). Antibiotic discs, namely vancomycin
(30 µg), tetracycline (30 µg), chloramphenicol (30 µg),
erythromycin (15 µg), cephalothin (30 µg), ampicillin
sulbactam (30 µg), gentamicin (10 µg) and penicillin G
(10 U), were used for this study (Oxoid Disc). The test
results of antibiotic sensitivity were determined according
to the inhibition zone diameter (18,19). Penicillinase was
detected using the method of Sheratt and Collins (20).

Isolation of plasmid DNA. Isolation of plasmid DNA
was carried out according to the mini-prep isolation
technique. After electrophoresis, the gel was stained with
0.5 µg/ml ethidium bromide. Using a polaroid camera,
pictures were taken at the UV transilluminator with a
wavelength of 254 nm (21,22). As marker DNA, super
coiled DNA ladder (2.067-16.210 kilobases) was used
and the molecular weights of plasmid DNAs were
calculated in kilobases (23).
Results and Discussion
Forty bacteria were isolated from soil samples from
six different regions. Following identification tests, 30 of
the 40 strains were identified as Bacillus species; namely,
Bacillus subtilis (8 strains), B. megaterium (6 strains), B.
firmus (5 strains), B. sphaericus (4 strains), B.
thuringiensis (3 strains), B. pumilus (1 strain) and Bacillus
spp (3 strains) (Table 1).
Protease enzymes are important in industry and most
of the members of the Bacillus species have proteolytic
activity (2,3). It was determined that B. firmus G1,
Bacillus spp. S1, Bacillus spp. S2 and Bacillus spp. S3 do
not have proteolytic activity, while B. sphaericus X1 and
B. megaterium Y3 exhibited the highest proteolytic
activity (0.23 mg/ml and 0.21 mg/ml respectively). The
proteolytic activities of the strains were found to range
from 0.04 to 0.23 mg/ml (Table 2).
Identified genus and species

Yoneda and Marva (24) noted that six of 15 B. subtilis
strains could synthesize extracellular enzymes in large
amounts, such as alpha amylase, ribonuclease and
protease and that B. subtilis at the stationary phases of
development synthesized alpha amylase and protease
enzymes.
Perez et al. (25) reported that the antimicrobial(s)
produced by B. subtilis MIR 15 appears to be mainly
active against gram negative bacteria including E. coli and
P. aeruginosa, but fungi were not inhibited.
Strains of B. thuringiensis, B. subtilis, B.
stearothermophilus, B. liceniformis, B. megaterium and
B. cereus have been reported to produce substances like
bacteriocin. Bacteriocins are ribosomally synthesized
antimicrobial peptides produced by a number of different
bacteria (26).
As for the inhibitory effect of isolates, it was observed
that some strains had no inhibitory effect while other
strains (B. thuringiensis D1, B. thuringiensis D3, B.
megaterium Y6) had an inhibitory effect on all of the four
test bacteria. The strains exhibited the highest inhibition
effect on M. flavus and S. aureus. The strains showed a
relatively lower inhibitory effect on Y. enterocolitica and
E. coli. B. subtilis K8 strain showed the highest inhibition
effect on E. coli. Our results indicated that the
antimicrobial activities of our bacillus strains had greater
effects on gram (+) bacteria than on gram (-) bacteria
(Table 3). Fauret and Yausten (27) reported that strains
of B. thuringiensis showed an antimicrobial effect on
gram (+) bacteria but not on gram (-) bacteria, and
several species belonging to the genus Bacillus were
shown to produce bacteriocins. B. megaterium produced
megacin, and B. thuringiensis produced thuricin.
The Bacillus strains isolated from soil were tested on
the antibiotics ampicillin, kanamycin, streptomycin,
chloramphenicol, tetracycline, erythromycin, gentamicin

Number of strains

Growth temperature (°C)

Bacillus subtilis
Bacillus megaterium
Bacillus firmus
Bacillus sphaericus
Bacillus thuringiensis
Bacillus pumilus
Bacillus spp.

8
6
5
4
3
1
3

37
30
28
30
37
37
37

Total

30

Table 1.

Distribution of different
Bacillus species in number
and appropriate temperatures
used for their growth
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Table 2.

Proteolytic activities of Bacillus strains

Strains

Proteolytic activity (mg tyrosine/ml)

Bacillus thuringiensis D1

0.08 ± 0.01

Bacillus thuringiensis D2

0.11 ± 0.02

Bacillus thuringiensis D3

0.07 ± 0.00

Bacillus subtilis K1

0.12 ± 0.01

Bacillus subtilis K2

0.06 ± 0.01

Bacillus subtilis K3

0.04 ± 0.01

Bacillus subtilis K4

0.15 ± 0.03

Bacillus subtilis K5

0.15 ± 0.02

Bacillus subtilis K6

0.05 ± 0.00

Bacillus subtilis K7

0.14 ± 0.01

Bacillus subtilis K8

0.14 ± 0.01

Bacillus megaterium Y1

0.13 ± 0.00

Bacillus megaterium Y2

0.06 ± 0.01

Bacillus megaterium Y3

0.21 ± 0.02

Bacillus megaterium Y4

0.04 ± 0.00

Bacillus megaterium Y5

0.07 ± 0.02

Bacillus megaterium Y6

0.16 ± 0.04

Bacillus firmus G1

0.00 ± 0.00

Bacillus firmus G2

0.12 ± 0.02

Bacillus firmus G3

0.12 ± 0.02

Bacillus firmus G4

0.13 ± 0.01

Bacillus firmus G5

0.08 ± 0.02

Bacillus sphaericus X1

0.23 ± 0.02

Bacillus sphaericus X2

0.11 ± 0.03

Bacillus sphaericus X3

0.10 ± 0.01

Bacillus sphaericus X4

0.09 ± 0.00

Bacillus pumilus B1

0.10 ± 0.00

Bacillus spp. S1

0.00 ± 0.00

Bacillus spp. S2

0.00 ± 0.00

Bacillus spp. S3

0.00 ± 0.00

and novobiocin. It was found that B. cereus was high level
resistant to ampicillin and only a few strains showed
resistance to antibiotics like kanamycin and tetracycline.
B. subtilis strains were resistant to streptomycin (10).
An examination of the antibiotic resistance of strains
revealed the fact that all of the strains showed resistance
to penicillin G and all were sensitive to vancomycin.
Isolates showed 97% sensitivity to chloramphenicol,
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93% to tetcycline, 90% to gentamicin, 80% to
erithromycin, 40% to cephalothin and 23% to ampicillin
(Table 4).
Among the isolates, only one strain (B. subtilis K1)
was observed to have penicillinase enzyme. The penicillin
resistance in this strain may be due to penicillinase
activity. Other strains were found to be penicillinase
negative.
It was reported that the resistance to penicillin among
aerobic spore forming bacteria was due to penicillinase
and that Bacillus synthesized penicillinase (26,28).
It was found that the B. thuringiensis HD1 sub. sp.
krustaki strain showed resistance to 0.039 mg/ml
penicillin, 0.078 mg/ml tetracycline and 0.0195 mg/ml
ampicillin. Furthermore, it exhibited resistance to
streptomycin and chloramphenicol; it had two plasmid
DNAs with molecular weights between 3.5 and 21 kb
(29). In another study, it was reported that the resistance
of B. subtilis strains to streptomycin and of B. cereus
strains to tetracycline was controlled by plasmid DNA
(10).
Five out of 30 strains were found not to include
plasmid DNA. The strains which contained plasmid DNA
had plasmid DNAs ranging from 1 to 4 in number. The
molecular weights of these plasmid DNAs ranged from
25.61 to 3.16 kb. While B. sphaericus X3 had the largest
plasmid DNA (25.61 kb), the strains B. subtilis K8 , B.
megaterium Y2 and Bacillus spp. S2 had the highest
number of plasmid DNAs. Plasmid DNA profiles of strains
and molecular weights of plasmid DNAs are given in Table
5.
A large variety of specific biochemical functions, such
as fertility, resistance to antimicrobial drugs, production
of bacteriocins, and production of toxins, have been
attributed to some plasmids (10,11).
No relationship could be established between the
plasmid DNA of the strains and antibiotic resistance, or
the inhibition effect on pathogen bacteria and proteolytic
activity.
Due to the fact that the B. megaterium Y6 strain
showed an antagonistic effect on four test bacteria and
since it had relatively higher proteolytic activity and
proved to be resistant to four different antibiotics, it is
recommended that this strain be used in certain
biotechnological studies.
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Table 3.

Zone radius values (mm) of inhibition formed by Bacillus strains on test bacteria

Strains

Escherichia
coli (mm)

Yersinia
enterocolitica (mm)

Staphylococcus
aureus (mm)

Micrococcus
flavus (mm)

Bacillus thuringiensis D1

5.5 ± 0.05

2.0 ± 0.00

6.2 ± 0.20

9.6 ± 0.10

Bacillus thuringiensis D2

-

-

-

5.6 ± 0.30

Bacillus thuringiensis D3

3.6 ± 0.10

4.6 ± 0.10

5.8 ± 0.20

9.1 ± 0.10

Bacillus subtilis K1

-

-

-

5.8 ± 0.20

Bacillus subtilis K2

-

-

-

-

Bacillus subtilis K3

-

-

-

-

Bacillus subtilis K4

-

-

-

-

Bacillus subtilis K5

-

-

-

-

Bacillus subtilis K6

-

-

-

-

Bacillus subtilis K7

-

-

-

-

Bacillus subtilis K8

5.6 ± 0.30

3.9 ± 0.10

-

7.0 ± 0.00

Bacillus megaterium Y1

-

-

-

-

Bacillus megaterium Y2

-

-

-

-

Bacillus megaterium Y3

-

-

-

-

Bacillus megaterium Y4

-

-

5.2 ± 0.20

9.5 ± 0.10

Bacillus megaterium Y5

-

-

-

-

Bacillus megaterium Y6

5.4 ± 0.30

4.7 ± 0.30

7.9 ± 0.20

9.1 ± 0.10

Bacillus firmus G1

-

-

-

-

Bacillus firmus G2

-

-

-

3.8 ± 0.20

Bacillus firmus G3

-

-

-

5.0 ± 0.00

Bacillus firmus G4

-

-

-

-

Bacillus firmus G5

-

-

-

-

Bacillus sphaericus X1

-

-

-

-

Bacillus sphaericus X2

-

-

-

-

Bacillus sphaericus X3

-

-

5.2 ± 0.20

8.3 ± 0.10

Bacillus sphaericus X4

-

-

-

5.2 ± 0.00

Bacillus pumilus B1

-

-

5.0 ± 0.00

8.6 ± 0.10

Bacillus spp. S1

-

-

-

3.4 ± 0.30

Bacillus spp. S2

-

-

-

-

Bacillus spp. S3

-

-

3.0 ± 0.10

7.1 ± 0.10
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Table 4.

Antibiotic sensitivities of Bacillus spp.

Strains

Gent

Amp

Chl

Ery

Tet

Van

Cep

PenG

Bacillus thuringiensis D1

++

-

++

+

+

++

-

-

Bacillus thuringiensis D2

++

-

++

-

-

++

-

-

Bacillus thuringiensis D3

++

-

+

++

+

++

-

-

Bacillus subtilis K1

+

-

++

+

+

++

-

-

Bacillus subtilis K2

++

++

++

++

++

++

++

-

Bacillus subtilis K3

++

-

++

++

++

++

-

-

Bacillus subtilis K4

++

-

++

++

+

++

-

-

Bacillus subtilis K5

-

-

-

-

-

++

++

-

Bacillus subtilis K6

++

-

++

++

++

++

-

-

Bacillus subtilis K7

++

++

++

++

++

++

+

-

Bacillus subtilis K8

++

++

++

++

++

++

++

-

Bacillus megaterium Y1

++

+

++

++

++

++

++

-

Bacillus megaterium Y2

++

-

++

++

++

++

-

-

Bacillus megaterium Y3

-

-

++

+

++

++

-

-

Bacillus megaterium Y4

++

-

++

+

++

++

-

-

Bacillus megaterium Y5

+

-

++

++

++

++

-

-

Bacillus megaterium Y6

++

-

++

-

++

++

-

-

Bacillus firmus G1

++

-

++

++

+

++

+

-

Bacillus firmus G2

++

-

++

++

+

++

-

-

Bacillus firmus G3

++

-

++

+

++

++

-

-

Bacillus firmus G4

++

-

++

+

+

++

+

-

Bacillus firmus G5

++

-

++

++

++

++

-

-

Bacillus sphaericus X1

++

++

++

-

+

++

++

-

Bacillus sphaericus X2

++

++

++

++

++

++

++

-

Bacillus sphaericus X3

++

-

++

++

++

++

++

-

Bacillus sphaericus X4

-

-

+

-

+

+

-

-

Bacillus pumilus B1

+

-

++

-

++

++

-

-

Bacillus spp. S1

++

-

++

++

++

++

-

-

Bacillus spp. S2

++

++

++

++

++

++

++

-

Bacillus spp. S3

++

-

+

++

++

++

++

-

- Resistant
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+ Intermediate

++ Sensitive
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Strains

Bacillus thuringiensis D1
Bacillus thuringiensis D2
Bacillus thuringiensis D3
Bacillus subtilis K1
Bacillus subtilis K2
Bacillus subtilis K3
Bacillus subtilis K4
Bacillus subtilis K5
Bacillus subtilis K6
Bacillus subtilis K7
Bacillus subtilis K8
Bacillus megaterium Y1
Bacillus megaterium Y2
Bacillus megaterium Y3
Bacillus megaterium Y4
Bacillus megaterium Y5
Bacillus megaterium Y6
Bacillus firmus G1
Bacillus firmus G2
Bacillus firmus G3
Bacillus firmus G4
Bacillus firmus G5
Bacillus sphaericus X1
Bacillus sphaericus X2
Bacillus sphaericus X3
Bacillus sphaericus X4
Bacillus pumilus B1
Bacillus spp. S1
Bacillus spp. S2
Bacillus spp. S3

Number of plasmid DNAs

Molecular weights (kb)

3
1
1
1
1
2
3
2
4
4
3
1
2
2
1
3
1
1
2
2
3
2
2
4
1

12.17 – 6.54 – 4.71
16.7
13.05
11.17
24.37
25.02 – 16.21
10.62 – 5.87 – 3.42
22.43 – 9.09
13.42 – 10.06 – 5.77 – 3.46
24.90 – 21.75 – 14.74 – 12.51
23.09 – 6.67 – 3.71
12.06
20.89 – 11.27
20.37 – 12.71
16.78
17.81 – 6.43 – 3.16
16.78
18.35
15.42 – 7.62
25.61 – 21.14
11.83 – 7.16 – 3.21
8.04 – 4.87
17.52 – 12.83
22.18 – 12.75 – 7.83 – 3.78
7.27

Table 5.

Number and molecular weights of the
plasmid DNAs of Bacillus strains.
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